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Description 

Held of the invention 

The present invention relates to a novel, distinct family of human leukocyte interferon proteins 
s (designated herein by HulFN-all or HulFN-a,, and to species thereof as HulFN-all.1 or HulFN-a„1, and so 
forth) which are useful in the treatment of viral and neoplastic diseases, and to the means for producing 
such interferon proteins. In general, the present invention finds its basis in the field of recombinant DNA 
technology which has been employed to discover and produce this novel, distinct family of human 
leukocyte interferons. 

10 The publications and other materials hereof used to illuminate the background of the invention, and in 
particular cases, to provide additional details respecting its practice are hereby incorporated by reference, 
and for convenience are numerically referenced by the following text and respectively grouped in the 
appended bibliography. 

is Background of the invention 

A human leukocyte interferon was first discovered and prepared in the form of very crude precipitates 
from natural source (1). Following this work was the substantial discovery that human leukocyte 
interferons exist as a class or family of proteins all exhibiting close homology and varying degrees of 
similar in kind antiviral activity. This work has been documented in several references as follows: (2, 3, 4, 5). 

20 This family of leukocyte interferons (commonly referred to in abbreviated form as HulFN-a) has been 
reported to be composed of upwards of 15 or more individual species, having varying degrees of similar in 
kind antiviral activity. Characteristically, these human leukocyte interferon species have been identified by 
amino acid sequences consisting of from about 165 to 166 amino acids in their mature forms, by the 
underlying DNA sequence for each and by identification of glycosolation sites and reported antiviral 

25 activity in animal species. Indeed, at least one of these human leukocyte interferon proteins is enjoying 
success in certified human clinical studies. These interferon species have been and are being produced via 
recombinant DNA technology, notably employing the workhorse in this field, namely a transfected £. coli 
microorganism. Thus, these previous discoveries have enabled the production currently of sufficient 
quantities of human leukocyte interferon species via recombinant DNA technology from a transfected host 

30 system as to permit the recovery of relatively large amounts of very pure protein finding use for requisite 
clinical studies. These achievements have been reported in the references cited previously as well as other 
references forming a part of the state of the art currently. 

As a result of the extensive studies that various workers have expended on the study of the human 
leukocyte Interferon family, it was thought beyond doubt that the human leukocyte interferons that have 

35 been discovered and studied were composed within a single family of proteins sharing characteristics of 
homology, amino acid length and antiviral activity. Similar research attended corresponding success for 
animal, notably bovine, interferons (6). 

^ S g C0 ^ C | a ss"of human "interferons is~rep resented by the so~ca1led~human fibroblast interferon - 
(0-interferon, or HulFN-p). Although extensive research into this compound has" been conducted, 

40 surprisingly it is thought to be a single polypeptide or protein, in contradistinction to the leukocyte series 
where, as noted above, upwards of 15 or more species are thought to exist within the general definitional 
term of human leukocyte interferon (7). 

A third class of human interferons is represented by human gamma Interferon (HulFN-y) (8, 9). 
Although human gamma interferon has been reported to exhibit the antiviral and antiproliferative 

45 properties characteristic of the human interferons in the leukocyte and fibroblast series, its properties are 
distinct in that, in contrast to the leukocyte and beta interferons, it is of shorter amino acid length and is pH 
2 labile (10). Because of these distinctions, human gamma interferon is thought to be slated more for 
indications of antiproliferative activity with indications of substantial use in the treatment of cancer 
patients. Central and independent research has therefore attended the human gamma interferon molecule. 

so Inasmuch as human fibroblast interferon (HulFN-f5) and human leukocyte interferons (HulFN-a) are 
similar structurally (i.e. amino acid length and homologous sequence) and biologically (i.e. antiviral 
activity), it was thought by many researchers odd that the human leukocyte interferon would be composed 
of a family of multiple species whereas in the human fibroblast interferon case only one gene has so far 
been located, indicating evolutionary divergence and expansion to multiple genes within the leukocyte 

55 family but retention of a single distinct gene in the case of fibroblast interferon. 

Because of this curiosity, the inventors of the present invention chose to search for additional HulFN-0 
genes. This effort was manifested by screening at low hybridization stringency a human genomic DNA 
library (11) utilizing a DNA probe prepared from a fragment spanning the mature coding region of the 
known HulFN-p gene. This research resulted in the surprising, serendipitous discovery of a novel, distinct 

so family of human leukocyte interferons not previously known or thought to exist. This discovery of a novel, 
distinct family of tiuman leukocyte interferons forms the basis of the present invention. 

Summary of the invention 

The present invention relates to the discovery of a novel and distinct family or group within the human 
65 leukocyte interferon class f compounds. This new family or group of human leukocyte interferons, 
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although exhibiting substantial homology in its coding region with the previously reported human 
leukocyte interferon family of genes {e.g., about 70 percent), are considered distinct from the previously 
reported family of human leukocyte interferons inasmuch as the homology is not greater than that cited 
above and the length of amino acid residues is greater than those reported for the earlier class or family of 

5 human leukocyte interferons. Thus, the previously reported family of human leukocyte interferons 
comprise approximately 165 to 166 amino acids in the mature form. The human leukocyte interferons of 
the present invention, representative of this second family or group of human leukocyte interferons have 
been found to contain approximately 172 amino acids. Similarly, associated antiviral biological activity 
indicates that.the human leukocyte interferons of the present invention have specifies which overlap but 

io have a broader spectrum of activity compared with those of several of the previously reported human 
leukocyte interferons. The novel interferons, encoding DNA and process hereof are as defined in the 
appended claims. 

The present invention relates to and teaches means for producing a new family of human leukocyte 
interferons which are considered distinct and novel from those human leukocyte interferons previously 

is reported. The present invention enables the production of such novel, distinct human leukocyte interferons 
via recombinant DNA technology such that they, and each of them, can be prepared in direct, mature form 
or via fusion protein intermediates, and in amounts sufficient to initiate and conduct clinical testing as 
prerequisites to marketing approval. The products of this invention are suitable for use, in all of their forms, 
in the prophylactic or therapeutic treatment of humans, notably for viral infections and malignant and 

20 immunosuppressed or immunodeficient conditions. Theirforms include various possible oligomeric forms 
and they may include associated glycosolation as well as allelic variations or other derivatives of individual 
members or species. The products are produced in accordance with this invention by genetically 
engineered microorganisms or cell culture systems. 

The present invention comprises the novel, distinct family of human leukocyte interferons thus 

2S produced and the means and methods for their production. The present invention is further directed to 
replicable DNA expression vehicles harboring gene sequences encoding the novel, distinct human 
leukocyte interferons in expressible form. Further, the present invention is directed to microorganism 
strains or cell cultures transfected with the expression vehicles described above and to fermentation media 
comprising such transfected strains or cultures, capable of producing the novel, distinct human leukocyte 

30 interferons of the present invention. 

In still further aspects the present invention is directed to various processes useful for preparing said 
interferon gene sequences, DNA expression vehicles, microorganism strains and cell cultures and to 
specific embodiments thereof. Still further, this invention is directed to the preparation of the fermentation 
media of said microorganisms and cell cultures. Further, In certain host systems, vectors can be devised 

35 capable of producing the desired interferons hereof, secreted from the host cell in mature form. 

General description of embodiments hereof 

The present invention can be practiced utilizing-a variety of bacterial, .yeast, ^or^mammalian^pji 
vertabrate cell culture systems capable of being successfully transfected with expression vectors harboring 

40 the gene sequence of a particular novel, distinct human leukocyte interferon of the present invention. 
These systems are well known in the art and have been copiously referenced. For example, extensive use 
of the microorganism £ co//K-1 2 strain 294 (ATCC No. 31446) finds use in the present invention along with 
other known £ coll strains known in the art and deposited in various public microorganism depositories. 
These other microorganisms include for example, strains from Bacillus and Salmonella and Serratta. In 

45 addition, various yeast strains have been described and can be employed in the present invention. Most 
attention has been directed to the strain Saccharomyces cerevisiae which has been deposited with the 
American Type Culture Collection, specifically strain RH218 under ATCC No. 44076. Similarly, various cell 
culture systems have been developed and used and can be used in the process of the present invention. For 
example, various cultures such as WI38, BHK, T3, CHO, VERO cell lines can be employed. 

so For each of these systems, there have been developed and can be employed herein various promoter 
systems which direct the expression of an operably flanked heterologous gene segment, said heterologous 
gene segment of the present invention being that encoding a novel, distinct human leukocyte interferon of 
the present invention. The operable linkage of the gene with a suitable promoter in a given expression host 
system can be done so as to effect the expression of the novel, distinct human leukocyte interferon of the 

55 present invention in so called mature form, that is, devoid of any presequence or other artifact of 
expression linked to the amino acid sequence. Alternatively, the novel, distinct human leukocyte 
interferons of the present invention can be operably linked together with its own signal sequence so as to 
effect secretion of the mature form via use of the cleavage of the signal sequence upon transport through 
the cell membrane. In addition, the novel, distinct human leukocyte interferon gene of the present 

60 invention can be operably linked so as to prepare a fusion protein comprising the amino acid sequence of 
the novel, distinct human leukocyte interferon hereof together with homologous protein linked to the 
N-terminus. All of these various embodiments are included within the scope of the present invention, 
which has for its basic premise the discovery, identification, and enablement of the production of novel, 
distinct human leukocyte interferons fa class orfamily not previously reported and having properties and 

ss structures which are distinct from those human leukocyte interfer ns previously reported {see above). 
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Description of a preferred embodiment 

The method of the present invention is illustrated by a particular, representative embodiment by which 
the novel, distinct leukocyte interferons of the present invention were identified by way of gene sequence, 
gene isolation, hook-up for expression, purification and biological ascertainment This method employed 
5 the use of the gene for human beta interferon as a probe of the human genomic library, originally intended 
to determine whether additional beta genes existed. The results of these experiments identified genes 
which appeared initially not to be beta interferon genes, rather more associated with the leukocyte series of 
interferons. The work disclosed herein substantiated this conclusion. 

w Description of drawings 

Figure 1. Alignment of IFN-all genes by restriction endonuclease mapping. Restriction endonuclease 
sites included in the sequenced regions of the genes (Fig. 2) are shown, except for the region between 0.0 
kb and 0.3 kb of the IFN-all.2 gene. The thickened portion of the map of IFN-all.1 corresponds to the 
sequence encoding the I FN preprotein. A size scale in kilobase pairs (kb) is shown below the maps. 
is Restriction endonuclease sites within the IFN-all genes are indicated as follows: Accl (A), BamHI (B) Bqlll 
(Bg), EcoRI (E), Hindlll (H), Nco1 (N), Pstl (P), Pvull (Pv). 

Figure 2. DNA sequence relationships between the IFN-all genes. The sequence of the IFN-all.1 gene is 
presented in detail with 250 bases of 5'-flanking sequence (sufficient to encode the region presumably 
required for viral induction), and 3'-flanktng sequence through the putative polyadenylational site. Only 

20 those ^nucleotides of the IFN-all.2, all.3 and all.4 genes which differ from that of IFN-all.! are shown. (— ) 
Gaps in the IFN-all.1 sequence which accommodate insertions in the other genes; (A-A-A), deletions in the 
IFN-all.2, all.3 and all.4 sequences which maximize homology with IFN-all.1; (*) indicates the putative 
messenger RNA cap site of IFN-all.1; (*~) the 5'-flanking region; M the 3'-flanking region. IFN-all.4 
sequence was not obtained upstream of position 199. The first two nucleotides of IFN-all.4 are not shown 

2$ since they are identical to the corresponding bases of IFN-all.1. 

Figure 3. Polypeptides encoded by the IFN-all gene family. The complete amino acid sequence of the 
IFN-all.1 preprotein is shown. The location of insertions/deletions within amino acid residues is indicated 
by underlining. The residues of the signal peptide of IFN-all.1 are numbered S1— S23, and the residues of 
the mature protein are numbered 1 — 172. 

30 Figure 4. The structures of phage recombinants containing the HulFN-a„1 genes. The coding region is 
shown cross-hatched, and is divided into the presequence (hatched left) and the restriction map of the 
HuIFN-a u 1 gene and flanking regions from the recombinant phage A24.1 is shown. 

Figure 5. Southern blot analysis of human IFN-a gene families. High molecular weight human genomic 
DNAs (5 u.g) were digested with restriction endonucleases as shown, electrophoresed through a 0.8 percent 

35 agarose gel and subsequently transferred to nitrocellulose filter paper. Hybridizations were performed 
under stringent conditions using probes derived from the following IFN-a coding regions, HulFN-a,1 (lane 
a) and HulFN-o„1 (lane bJ^Molecular size sta ndards correspond to EcoRI-digested bacteriopha ge \ C haron 
30A and pBR322~DNAs and /teal-digested pBR322 DNA. 

Figure 6. Comparison of the nucleotide sequences of HulFN-a»1 with HulFN-a,1 and the proteins 

40 encoded by HulFN-a„1 with the members of the class I HuIFN-a,1 gene family. Amino acid residues in 
HuIFN-a,1 which are underlined represent those found in all of the class I HulFN-a species reported to date. 
Amino acid residues below the HuiFN-a,,1 DNA sequence indicate differences between HulFN-a M 1 and 
HulFN-a,1 . Asterisks mark changes in the nucleotide sequence which do not result in a change in the amino 
acid encoded. The polyadenylation signal (AATAAA) of HulFN-a,1 is overlined. The proposed 

45 polyadenylation signal (ATTAAA) of HulFN-a„1 is underlined. The vertical arrow indicates the messenger 
RNA cap site of HulFN-a,1. The open triangles indicate the 5' end and 3' site of poly(A) addition found for 
the longest HulFN-a„1 cDNA clone. 

Figure 7. Analysis of vi rally induced class I and class II IFN-a transcripts. Five microgram aliquots of 
polyA(+) RNA were analyzed in each lane. In (A) is shown hybridization with the class I (IFN-a,2) probe and 

so (B), hybridization with the class II (IFN-a„1) probe. Lanes 1, 2, and 3 are samples from donor 1, lanes 4, 5, 
and 6 are samples from donor 2. Lanes 1 and 4 are uninduced controls. Lanes 2 and 5: induction by 
Newcastle Disease virus; lanes 3 and 6: induction with Sendai virus. The molecular size markers are 
derived from an EcoR\+P$t\ digestion of pLelF A25 (3.6 kb and 0.9 kb) and an EcoR\+Hind\\\ digestion of 
pHuIFN-Ci,, trp (4.3 kb and 1.2 kb; Figure 11). The 0.9 kb pLelF A25 fragment contains the IFN-a,2 coding 

55 region, and the 1.2 kb pHulFN-a H trp1 fragment contains the IFN-a„1 coding region. 

Figure 8. Structure of plasmid directing the synthesis of mature IFN-a proteins in £ co/L The thick 
segment represents the IFN-a insert, with the mature coding region shaded: HulFN-a„1trp. 

Detailed description: Examples 

60 Identification of a human IFN-a gene (HuIFN-all) Gene 

A human genemic DNA library (11) was screened at I w hybridization stringency utilizing a prob 
prepared from a fragment spanning the mature coding region of the HulFN-p gene. Of seven positive 
clones recovered by this screening pr cedure, four proved to contain the HulFN-p gene by restriction 
mapping, Southern analysis and hybridization at high stringency using the HulFN-3 probe. The remaining 

65 three recombinants appeared to represent overlapping segments of th human genome containing a 
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distantly related gene which only hybridized to the HulFN-P probe at low stringency. A 4.1 kilobase Hind\\\ 
fragment containing the hybridizing region from one of these clones, \24.1, was subcloned into pBR322 for 
further characterization by restriction endonuclease mapping (Figure 4) and nucleotide sequencing. 
DNA sequence analysis of this fragment (Figure 6) reveals an interferon gene exhibiting substantially 
5 more nucleotide homology in its coding region with the HulFN-a genes (for example, 70 percent with 
HulFN-a,1, Table 1) than with HulFN-(5 (48 percent). Similarly, while the HulFN-a,1 protein and the gene 
product of \o24.1 each share only 30 percent amino acid homology with HulFN-p, they are approximately 
58 percent homologous with one another. It was concluded that the gene contained on Aa24.1 encodes an 

I FN -a rather than an IFN-p. The sequence of this protein, however, is surprisingly dissimilar to the other 
jo HulFN-a gene products. 

The novel HulFN-a contains five or six additional amino acids at its carboxy terminus, three of which 
are identical in each protein (Figure 6). These similarities are reflected at the level of nucleotide homology 
as well (Table 1). Taken together, these observations strongly suggest that this novel HulFN-a represents a 
homologous gene product, distinct from the class I IFN-a gene family which includes the previously. 

is sequenced functional HulFN-a genes. Accordingly, we have named this gene HulFN-a„1 to distinguish it 
from the class I HulFN-a genes. 

The HulFN-a„1 sequence contains a potential glycosylation sequence, asn-met-thr, at positions 78—80. 
Interestingly, a similar sequence is found at the same position in HulFN-P which is known to be modified in 
vivo by carbohydrate addition (20). 

20 To examine the possibility that HulFN-a„1 might define a new family of IFN-a genes in the human 
genome, blot-hybridization analysis was performed with human genomic DNA utilizing probes derived 
from the HulFN-a,1 and HulFN-a„1 coding region under stringent conditions which do not permit 
cross-hybridization of the two genes. The results of such an experiment, shown in Figure 5, indicate that the 
HulFN-a,! and HulFN-a„1 probes define distinct gene families. The HulFN-a n 1 probe demonstrates the 

25 presence of 6—7 class II genes in the human genome. 

Expression of class II IFN-a genes is inducible by virus: 

The HulFN-a„1 protein or related class II IFN-a gene products have not been identified in interferon 
preparations from virally-induced cell lines (21, 22), nor have the corresponding DNA sequences been 

30 found in cDNA libraries prepared from lymphoblastoid cell lines (3) or peripheral blood lymphocytes 
induced by viruses. To determine whether class II HulFN-a genes are transcribed in response to virus 
infection, RNA from the peripheral blood lymphocytes of two donors induced with either Sendai or 
Newcastle Disease virus was analyzed by blot hybridization. Following a six hour incubation with virus, 
polyA+RNA was isolated from the cultures, electrophoresed on formaldehyde gels, transferred to 

35 nitrocellulose filters and hybridized with either a class I (HulFN-a,2) or class II (HulFN-a„1 ) probe. As seen in 
Figure 7, transcription of both the class I (Fig. 7A) and class II (Fig. 7B) IFN-a genes is induced by both 
Newcastle Disease virus (lanes 2 and 5) and Sendai virus (lanes 3 and 6), and is not detectable in uninduced 
— cultures from either donor (lanes 1 and 4). To compare the levels of expression of the classl and class II ^ 
genes, filters hybridized with each probe were exposed to film until DNA markers containing the coding 

40 regions of either HulFN-a,2 {Figure 7A) or HulFN-a„1 (Figure 7B) gave signals of equal intensity (data not 
shown). From this analysis it appears that the class II genes are transcribed at a level comparable to the 
class I genes (Figure 7). In addition, it appears that Sendai virus induces several-fold more class I and class 

II interferon message than NOV. This suggests that the class I and class II genes are regulated similarly in 
response to viral infection. 

45 To confirm the conclusion that the IFN-o,,1 gene is expressed, a complementary DNA library was 
constructed from polyA(+) RNA isolated from Sendai-induced peripheral blood lymphocytes. A HulFN-a„1 
coding region probe was employed to screen 10,000 plaques under stringent hybridization conditions. Two 
HulFN-a M 1 clones were recovered. DNA sequence analysis showed that the longer of the two cDNA clones 
extended from the poly (A) of the mRNA to within the sequence encoding the signal peptide of HulFN-a„1. 

so The corresponding sequence within the HuIFN-a„1 gene is indicated in Figure 6. 

Class II IFN-a genes encode proteins with antiviral activity: 

To determine whether class II IFN-a genes encode active proteins and to compare their host range with 
those of class I IFN-a polypeptides, bacterial vectors were constructed for the expression of HulFN-a„1 

ss genes. The resulting plasmids join a tip operon promoter, ribosome-binding site and initiator methionine 
codon to the first amino acid residue of each mature IFN-a coding region. As shown in Table 2, extracts 
prepared from E co/i strains transformed with each of the three plasmids and grown under conditions 
leading to depletion of tryptophan from the growth media contain significant amounts of antiviral activity . 
as measured by cytopathic effect inhibition assays. The relative activities of each IFN-a were compared 

53 with those of two class I HulFN-a proteins, HulFN-a,2 and HulFN-a,1, on a bovine ceil line (MDBK) cell line 
challenged witty vesicular stomatitis virus and on a human lung carcinoma (A549) cell line challenged with 
encephalomyocarditis virus. HulFN-a u 1 and HulFN-a,2, show approximately equal activity on each cell 
type. The class II IFN-a proteins therefore appear to have specificities which overlap those of several class I 
IFN-a gene products in these as well as other cell lines. 

ss To further characterize the antiviral activity associated with HulFN-a„1, we examined the ability f 



5 



EP 0174143 B1 



antisera prepared against IFN-a and IFN-p to neutralize HulFN-a,|1 activity. Anti-HulFN-p did not 
significantly affect the activity of HulFN-a„1, while an antisera prepared against Sendai-virus induced 
interferon from human leukocyte cultures did neutralize HulFN-a,,1 antiviral activity (Table 3). Since the 
latter induction protocol has been shown to result primarily in the production of HulFN-a rather than 
5 HulFN-p, these results confirm the assignment of HulFN-a„1 to the IFN-a family, made on the basis of 
protein homology. 

Two distinct IFN-a gene families: 

Previous studies have described a family of approximately fifteen non-allelic human IFN-a genes, 
10 which are related by at least 85 percent nucleotide homology in their coding regions (3). For clarity, these 

genes are referred to as the HulFN-a, family. Each gene encodes a functional interferon polypeptide as 

determined by its ability to program the expression of antiviral activity in E. coll 

Such a gene was identified, HulFN-a„1, among a collection of clones initially isolated by screening a 

human genomic library with a HulFN-p cDNA probe. Comparison of DNA homologies, however, as well as 
15 antigenicity studies on the HulFN-a,,1 protein expressed in £. coli, firmly establish that this gene encodes an 

IFN-a rather than an IFN-p protein. HulFN-a„1 encodes a mature polypeptide of 172 amino acid residues. 

These results demonstrate the existence of two homologous, but distinct IFN-a gene families in the human 

genome. 

Southern blot analysis of human DNA suggests that the class II HulFN-a gene family may contain as 
20 many as 6—7 different members. 

The members of the class I HulFN-a family, as well as HulFN-p, have been localized to chromosome 9, 
(23), while the gene for HulFN-y is found on chromosome 12 (24}. Recent experiments indicate that most, if 
not all, members of the class II HulFN-a family are also located on chromosome 9. 

25 Transcriptional control of class II IFN-a genes: 

Differential regulation of IFN-a mRNA levels has been suggested by the greater than ten-fold range in 
frequency with which individual HuiFN-a mRNA sequences are found in virally-induced cell cultures. In our 
efforts to compare transcriptional regulation of class I and II IFN-a genes, we have employed Newcastle 
Disease virus (NDV) or Sendai virus to induce interferon synthesis in human peripheral blood lymphocytes. 

30 Comparable levels of class I and class II mRNA were readily observed in polyA(+)-RNA prepared from each 
culture following six hours of viral induction (Figure 7). In addition, Sendai virus appeared to induce 
several-fold more IFN-a transcripts of class II, as well as class I types, indicating similar transcriptional 
activation of either IFN-a family by viral induction. In light of the observation that class II cDNA clones were 
not represented among libraries prepared from Sendai virus-induced cultures of human leukocytes or a 

& human myeloblastoid cell line, this is the first evidence for the viral induction of class II IFN-a synthesis. 
This result has been further confirmed by the isolation of a complementary DNA clone which includes the 
3'-end of the IFN-o n 1 mRNA, and most of its coding region (Figure 6). 



Hybridization conditions and probes: 

Hybridizations were performed in SxSSC (ixSSC is 0.15 M NaCI, 0.015 M sodium citrate), 5x 
Denhardf s solution (12), 0.1 percent sodium dodecyl sulfate (SDS), 0.1 percent sodium pyrophosphate, 50 
pg/ml sonicated, denatured salmon sperm DNA and 10 percent sodium dextran sulfate, containing either 
20 percent or 50 percent formamide for non-stringent and stringent conditions, respectively. After 
incubation at 42°C, filters were washed at room temperature in 2xSSC, 0.2 percent SDS (non-stringent) or 
& 42 e C in 0.2xSSC, 0.1 percent SDS (stringent). 3z P-labelled probes were prepared as described by (13). For 
the analysis of class I and II genes in human DNA at high stringency (Figure 5), the following fragment was 
employed (each contained the mature coding region of the corresponding IFN-a gene): class I human, the 
565 bp EcoHi fragment of pHulFN-a,2/1 Bgl\\ hybrid (14); class II human, the 390 bp Xba\-Acc\ fragment of 
pHulFN-a,,1 (see Figure 8 for description of plasmids). 

so 

Construction and screening of phage libraries: 

The HulFN-a„1 gene was isolated from a human fetal Mver/bacteriophage A Charon 4A library 
constructed by Lawn et aL (1 1 ) utilizing a probe prepared from the 501 bp Xba\-Bgf\\ fragment encoding the 
mature HulFN-p protein. 

55 

DNA Sequence analysis: 

DNA sequences were determined as described by (16) or by subcloning DNA fragments into M13 mp8 
and mp9 vectors (17) and employing the dideoxy chain termination method (18). 

eo Preparation and analysis of virally induced RNA: 

Peripheral blood lymphocytes <2x10 9 ) were resuspended at 4x10 6 cells per ml in RPM1 1640 containing 
5 percent (heat inactivated) fetal calf serum. Cultures were incubated in T-175 flasks (Falcon) and induced 
cultures were treated with 25 UAU/10 5 cells of Newcastle Disease virus or Sendai virus. Following six hours 
of incubation with virus, the cultures were treated with 0.05 percent EDTA and cells were harvested by 

es centrifugation, washed ofice with ice-cold medium, and polyA(+) RNA was prepared (19). Formaldehyde 
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gel electrophoresis of RNA and Northern blot analysis were carried ut. The peripheral blood lymphocyte 
cDNA library was constructed (2) except that double-stranded cDNA was ligated into the Agt10 vector (25). 

Construction of bacterial expression plasmids for IFN-a genes: 

5 The construction of plasmids placing the expression of mature HulFN-a,1 and -a,2 under the control of 
the £ coii trp promoter have been previously described (2, 14}, Similar constructions were made which 
place the N-terminal amino acid residue of mature HulFN-a„1 directly adjacent to an initiator methionine 
codon, ribosome binding site and trp promoter, as follows: A synthetic DNA duplex containing an Xba\ 
cohesive end, an ATG codon, the codons for amino acids 1—7 of the mature protein, and ending with an 

io Nco\ cohesive terminus was joined to 1290 bp Nco\-Hind\\\ fragment containing the remainder of the 
HulFN-a„1 coding sequences, and inserted into a trp expression vector, pHGH207-1 (20), between the Xba\ 
and Hind\\\ sites of this plasmid. 

Detection of IFN-a antiviral activity in £ coii: 

is Overnight cultures of £ co//K12 strain 294 transformed with the appropriate expression plasmids were 
grown, harvested and extracted for antiviral assay (15). Interferon activity was determined by cytopathic 
effect (CPE) inhibition assays using either bovine kidney cells (MDBK) or human lung carcinoma cells 
(A549) obtained from the American Type Culture Collection, Rockville, MD. Vesicular stomatitis (VS) and 
encephalomyocarditis (EMC) viruses were grown and used in. the CPE inhibition assays (14). Values 

20 determined by this method are expressed as units relative to the NIH leukocyte standard G-023-901-527. 
The antigenic identity of HulFN-a„1 was determined by (14). 

TABLE 1. 

Pairwise comparison of homology in coding regions of human IFN-a genes. 



HulFN-al.1 HulFN-all.1 

Percent 
Nucleotide 

30 HulFN-al.1 70.0 Homology 

HulFN-all.1 57.7 

Percent Amino Acid Homology 
35 ■ ' ~ 

Shown are the percent amino acid sequence homologies between pairs of interferon preproteins 

(lower left) and the percent nucleotide homology between the corresponding coding reg ions ( upper right). 

The six additional C-terminal amino acid residues, or 18 added nucleotides, of the class II interferons 
ao (Figures 5 and 7) are not included in comparisons with the class I interferons. 

TABLE 2. 
IFN-a Activity in extracts of £ coii 



45 IFN-a activity 

£ coii 294 (units/liter culture) Ratio 

transformed by: A549-EMC MDBK-VSV A549/MDBK 



pHulFN-o.1 2.5X10 5 1.9x10* 0.13 

so 

pHulFN-a.2 1.4x10 8 1.3x10 8 1.1 

pHulFN-a„1 5.0x10 s 4.7x10 s 1-1 



Interferon antiviral activities on human and bovine cells. £ coii K12 (strain 294) cultures containing the 
appropriate expression plasmids were grown and lysates were prepared for interferon bioassay. Interferon 
antiviral activity in the lysates was determined in a cytopathic effect inhibition assay employing MDBK 
(bovine kidney) cells and vesicular stomatitis virus or A549 (human lung carcinoma) cells challenged with 
eo encephalomyocarditis virus. Results are expressed as the amount of antiviral activity per liter of bacterial 
culture grown to an optical density of 1.0 at 550 nM. 



65 
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TABLE 3. 

HulFN-a„1 activity is neutralized by antibody to HulFN-a 
Interferon activity (units/ml) 



JO 



75 



Interferon 


Control 


+Ant*IFN-a 


+AntilFN-P 


HulFN-a,2 


64 


<4 (>16) 


32 (2) 


HulFN-a„1 


384 


<4 (>96) 


192 (2) 


Natural HulFN-a 


128 


<4 (>32> 


ND 


- Natural HulFN-p 


64 


ND 


<4 (>16> 



Interferon was prepared and assayed as in the legend to Table 2. AntilFN-a was prepared by 
immunization of a rabbit with natural HulFN-a purified. AntilFN-p was prepared by immunization of a calf 
with natural HulFN-p purified. Numbers in parentheses give the fold reduction in antiviral activity following 
20 treatment with antisera. 

TABLE 4. 

Percentage corrected nucleotide divergence of class I and Jl IFN-a coding regions 

25 Replacement sites Silent sites 

(percent) (percent) 



30 



HulFN-a,1/HulFN-a„1 30.27 69.19 



The percentage corrected divergence for each pair of nucleotide sequences were calculated. 
Nucleotide sequences were aligned as shown in Figures 2 and 4. The last 18 nucleotides of the class I! IFN-a 
genes (encoding amino acids 167 — 172) were compared with one another, but were excluded in class I vs. 
class II comparisons. 

35 The human leukocyte interferons of the present invention are characterized by having a probable 
broader spectrum of biological activity compared with previously reported human leukocyte interferons 
(see, for example, 4). The novel, distinct leukocyte interferons of the present invention are further 
characterized from those human leukocyte interferons previously reported by having less than about 70 
percent (most usually in the range of about 50—60 percent) homology on the amino acid level with said 

40 previously reported human leukocyte interferons (4). Further, the novel, distinct human leukocyte 
interferons of the present invention are characterized by having more than 166 amino acid residues in their 
mature form, most preferably having about 172 amino acids in their mature form. 

While specific embodiments are disclosed herein, it is understood that the present invention is not to 
be construed as limited to such, rather to the lawful scope of the appended claims. 

45 
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Claims for the Contracting States: BE CH DE FR GB IT LI LU NL SE 

70 1. A genomic or complementary DNA sequence encoding a human leukocyte interferon which 

(i) consists of a mature polypeptide of about 172 amino acids; 

(ii) exhibits about 70% homology at the DNA level with IFN-al of class I; 

(iii) exhibits about 48% homology at the DNA level with human IFN-0 and 

(iv) which hybridises with the 501 bp Xbal-Bglll restriction fragment of human genomic DNA encoding 
is the mature HulFN-fi protein under conditions of low stringency represented by hybridisation in 5xSSC f 5x 

Denhardt's solution, 0.1 % SDS, 0.1 % sodium pyrophosphate, 50 pg/ml sonicated denatured salmon sperm 
DNA and 10% sodium dextran sulfate, containing 20% formamide, incubated at 42°C and washed at room 
temperature in 2xSSC and 0.2% SDS. 

2. A DNA sequence as claimed in claim 1 encoding a human leukocyte interferon of the following 
20 amino acid sequence: 

CDLPQNHGLLSRNTLVLLHGMRRISPFLCLKDRRDFRFPQEMVKGSQLQKAHVMS 

I I I I I I 

.1 10 20 30 .40 50 

25 VLH E M LQQI FS LFHTE RS S AAWN MTLLDQLHTE LHQQLQH LETCLLQWG E G E S A 

II I I I I 

60 70 80 90 100 110 

30 GAISSPALTLRRYFQGIRVYLKEKKYSDCAWEWRMEIMKSLFLSTNMQERLRSK 

I I I I I 

120 130 140 150 160 

DRDLGSS 

35 I 
170 

3. A DNA sequence according to claim 1 encoding an allele or a functional derivative of a human 
leukocyte "interferon" the" sequence of which is defined inclaim 2. 

4. A human leukocyte interferon in mature form the amino acid sequence of which is encoded by the 
40 DNA of claim 1. 

5. A human leukocyte interferon of class all.1 having the following amino acid sequence: 

CDLPQNHGLLSRNTLVLLHQMRRISPFLCLKDRRDFRFPQEMVKGSGLQKAHVMS 

I I I I I I 

45 1 10 20 30 40 50 

VLHEM LQQI FS LFHTE RSSAAWN MTLLDQLHTE LHQQLQH LETCLLQWGEGESA 

II I I I I 

60 70 80 90 100 110 

50 

GAISSPALTLRRYFQGIRVYLKEKKYSDCAWEWRMEIMKSLFLSTNIVIQERLRSK 

I I I I I 

120 130 140 150 160 

55 DRDLGSS 
I 

170 

6. A physiologically functional human leukocyte interferon which is an allele or a derivative of the 
so compound of claim 5. 

7. A pharmaceutical composition comprising a human leukocyte interferon of any one of claims 4 to 6 
and a pharmaceutical^ acceptable carrier. 

8. A human leukocyte interferon of any one of claims 4 to 6 for pharmaceutical use. 

9. The use of a human leukocyte interferon of any one of claims 4 to 6 in the manufacture of an 
ss anti-viral medicament. 
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10. An expression vector containing a DNA sequence coding for a human leukocyte interferon 
according to any one of claims 4 — 6 and capable f expressing said human leukocyte interferon. 

11. A microorganism or cell culture transfected with an expression vector as claimed in claim 10. 

12. A process for producing a human leukocyte interferon as claimed in any one of claims 4 — 6 r which 
process comprises expressing said interferon in a recombinant host organism transfected with an 
expression vector as claimed in claim 10. 

Claims for the Contracting State: AT 

1. A process which comprises the preparation of a genomic or complementary DNA sequence 
encoding a human leukocyte interferon which 

(i) consists of a mature polypeptide of about 172 amino acids; 

(ii) exhibits about 70% homology at the DNA level with IFN-al of class I; 

(iii) exhibits about 48% homology at the DNA level with human IFN-p and 

(iv) which hybridises with the 501 bp Xbal-Bglll restriction fragment of human genomic DNA encoding 
the mature HulFN-p protein under conditions of low stringency represented by hybridisation in 5xSSC, 5x 
Denhardf s solution, 0.1 % SDS, 0.1 % sodium pyrophosphate, 50 pg/ml sonicated denatured salmon sperm 
DNA and 10% sodium dextran sulfate, containing 20% form amide, incubated at 42°C and washed at room 
temperature in 2xSSC and 0.2% SDS. 

2. A process according to claim 1 in which the human leukocyte interferon has the following amino acid 
sequence: 

CDLPQNHGLLSRNTLVLLHQMRRISPFLCLKDRRDFRFPQEMVKGSQLQKAHVMS 
I I I I I I 

1 10 20 30 40 50 

VLHEMLQQIFSLFHTERSSAAWNMTLLDQLHTELHQQLQHLETCLLQWGEGESA 

II I I I I 

60 70 80 90 100 110 

GAISSPALTLRRYFQGIRWLKEKKYSDCAWEWRMEIMKSLFLSTNMQERLRSK 

I I I I I 

120 130 140 150 150 



DRDLGSS 
I 

- 170 



3. A process according to claim 1 wherein the DNA encodes an allele or a functional derivative of a 
human leukocyte interferon the sequence of which is defined in claim 2. 

4. A process which comprises the preparation of a human leukocyte interferon in mature form the 
amino acid sequence of which is encoded by the DNA of claim 1. 

5. A process which comprises the preparation of a human leukocyte interferon of class all.1 having the 
following amino acid sequence: 

CDLPQNHGLLSRNTLVLLHQMRRISPFLCLKDRRDFRFPQEMVKGSQLQKAHVMS 
I I I I I | 

1 10 20 30 40 50 

VLHEMLQQIFSLFHTERSSAAWNMTLLDQLHTELHQQLQHLETCLLQWGEGESA 

II I I I I 

60 70 80 90 100 110 

GAISSPALTLRRYFQGIRVYLKEKKYSDCAWEVVRMEIMKSLFLSTNMQERLRSK 
I I I I | 

120 130 140 150 160 

DRDLGSS 

I 

170 
* 

6. A process which comprises the preparation of a physiologically functional human leukocyte 
interferon which is an allele or a derivative of the compound of claim 5. 

7. The use of a human leukocyte interferon of any one f claims 4 to 6 in the production of a 
pharmaceutical pre pa rati n. 
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8. The use of a human leukocyte interferon of any one of claims 4 to 6 in the manufacture of an 
anti-viral medicament 

9. A process which comprises the production of an expression vector containing a DNA sequence 
coding for a human leukocyte interferon according to any one of claims A — 6 and capable of expressing 
said human leukocyte interferon. 

10. A microorganism or cell culture transfected with an expression vector as claimed in claim 9. 

11. A process for producing a human leukocyte interferon as claimed in any one of claims 4 — 6, which 
process comprises expressing said interferon in a recombinant host organism transfected with an 
expression vector as claimed in claim 10. 

PatentansprOche fur die Vertragsstaaten: BE CH DE FR GB IT U LU NL SE 



1. Genome oder komplementare DNA Sequenz, die ein Human-Leukozyt-lnterferon kodiert, das 
(i) aus einem reifeh Polypeptid mit etwa 172 Aminosauren besteht; 

is {]]) etwa 70% Homologie auf DNA Niveau mit I FN- 1 der Klasse I aufweist; 
(iii) etwa 48% Homologie auf DNA Niveau mit Human-IFN-p aufweist und 
(tv) mit dem 501 bp Xbal-Bglll Restriktionsfragment von humangenomer DNA, das das reife HulFN-(3 
Protein kodiert, unter milden Bedingungen hybridisiert, die durch Hybridisierung in SxSSC, 5x Denhardt's 
Losung, 0,1% SDS, 0,1% Natriumpyrophosphat, 50 ug/ml beschallter denaturierter Lachssperm DNA und 
20 10% Natriumdextransulfat mit einem Gehalt von 20% Formamid, Inkubation bet 42°C und Waschen bei 
Raumtemperatur in 2xSSC und 0,2% SDS gegeben sind. 

2. DNA Sequenz nach Anspruch 1, die ein Human-Leukozyt-lnterferon der folgenden 
Aminosauresequenz kodiert: 



25 



30 



35 



CDLPQNHGLLSRNTLVLLHQMRRISPFLCLKDRRDFRFPQEMVKGSQLQKAHVMS 

I I I I I I 

1 10 20 30 40 - 50 

VLH E M LQQI FS LFHTE RSS AAW N MTLLDQLHTE LH QQLQH LETCLLQWG EG ES A 

II I I I I 

60 70 80 90 100 110 

GAISSPALTLRRYFQGIRVYLKEKKYSDCAWEWRMEIMKSLFLSTNMQERLRSK 

I I I I I 

120 130 140 150 160 

DRDLGSS 



170 

40 3. DNA Sequenz nach Anspruch 1, die ein Allel Oder ein funktionelles Derivat eines Human-Leukozyt- 
Interferons mit der in Anspruch 2 definierten Sequenz jodiert. 

4. Human-Leukozyt-lnterferon in reifer Form, dessen Aminosauresequenz durch die DNA nach 
Anspruch 1 kodiert ist. 

5. Human-Leukozyt-lnterferon der Klasse a-IM, das folgende Aminosauresequenz aufweist: 



45 



so 



55 



50 



CDLPQNHGLLSRNTLVLLHQMRRISPFLCLKDRRDFRFPQEMVKGSQLQKAHVMS 

I I I I I I 

1 10 20 30 40 50 

VLHEMLQQIFSLFHTERSSAAWNMTLLDQLHTELHQQLQHLETCLLQWGEGESA 

II I I I I 

60 70 80 90 100 110 

GAISSPALTLRRYFQGIRVYLKEKKYSDCAWEVVRMEIMKSLFLSTNMQERLRSK 

I I I I I 

120 130 140 150 160 

DRDLGSS 
I 

170 



6. Physiologisch funktionelles Human-L ukozyt-lnterferon, das ein Allel Oder ein Derivat der 
Verbindung nach Anspruch 5 ist. 

7. Pharmazeutisch Zusammensetzung, die ein Human-Leukozyt-lnterferon nach einem der AnsprQche 
ss 4 bis 6 und ein pharmazeutisch vertrSgliches Tragermittel enthalt. 
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8. Human-LeukozyHnterferon nach einem der Anspruche 4 bis 6 fur pharmazeutische Zwecke. 

9. Verwendung eines Human-Leukozyt-lnterferons nach einem der Anspruche 4 bis 6 fur die 
Herstellung fnes Antivirus-Arzneimittels. 

10. Expressionsvektor, der eine DNA Sequenz enthalt, die fur ein Human-Leukozyt-lnterferon nach 
einem der Anspruche 4 bis 6 kodiert und fahig ist das genannte Human-Leukozyt-lnterferon zu 
exprimieren. 

11. Mikroorganismus oder Zellkultur, der bzw. die mit einem Expressionsvektor nach Anspruch 10 
transfiziert ist 

12. Verfahren zur Herstellung eines Human-Leukozyt-lnterferons nach einem der Anspruche 4 bis 6, 
welches Verfahren das Exprimieren des genannten Interferons in einem rekombinanten Wirtsorganismus 
umfafct, der mit einem Expressionsvektor nach Anspruch 10 transfiziert ist. 

Patentanspruche fur den Vertragsstaat: AT . 

1. Verfahren umfassend die Herstellung einer genomen oder komplementaren DNA Sequenz, die ein 
Human-Leukozyt-lnterferon kodiert, das 

(i) aus einem reifen Polypeptid mit etwa 172 Aminosauren besteht; 

(ii) etwa 70% Homologie auf DNA Niveau mit IFN-a1 der Klasse I aufweist; 

(iii) etwa 48% Homologie auf DNA Niveau mit Human-IFN-P aufweist und 

(iv) mit dem 501 bp Xbal-Bglll Restriktionsfragment von humangenomer DNA, das das reife HulFN-p 
Protein kodiert, unter milden Bedingungen hybridisiert, die durch Hybridisierung in 5xSSC, 5x Denhardt's 
Losung, 0,1% SDS, 0,1% Natriumpyrophosphat, 50 ug/ml beschalter denaturierter Lachssperm DNA und 
10% Natriumdextransulfat mit einem Gehalt von 20% Formamid, Inkubation bei 42°C und Waschen bei 
Raumtemperatur in 2xSSC und 0,2% SDS gegeben sind. 

2. Verfahren nach Anspruch 1, worin das Human-Leukozyt-lnterferon folgende Aminosauresequenz 
aufweist: 

CDLPQNHGLLSRNTLVLLHQMRRISPFLCLKDRRDFRFPQEMVKGSQLQKAHVMS 

I I I I I I 

1 10 20 30 40 50 

VLHEMLQQIFSLFHTERSSAAWNMTLLDQLHTELHQQLQHLETCLLQWGEGESA 

I I I I I I 
60 70 80 90 100 110 

GAISSPALTLRRYFQGIRVYLKEKKYSDCAWEWRMEIMKSLFLSTNMQERLRSK 

I i I I I 

120" 130 1407 150 160 

DRDLGSS 

I 

170 

3. Verfahren nach Anspruch 1, worin die DNA ein Allel oder ein funktionelles Derivat eines 
Human-Leukozyt-lnterferons mit der in Anspruch 2 definierten Sequenz kodiert. 

4. Verfahren des die Herstellung eines Human-Leukozyt-lnterferons in reifer Form umfa&t, dessen 
Aminosauresequenz durch die DNA nach Anspruch 1 kodiert ist. 

5. Verfahren, das die Herstellung Human-Leukozyt-lnterferon der Klasse 11.1 umfaSt, das folgende 
Aminosauresequenz aufweist: 

CDLPQNHGLLSRNTLVLLHQMRRISPFLCLKDRRDFRFPQEMVKGSQLQKAHVMS 

I I I I I I 

1 10 20 30 40 50 

VLHEMLQQIFSLFHTERSSAAWNMTLLDQLHTELHQQLQHLETCLLQWGEGESA 

II I I I I - 
60 70 80 90 100 110 

GAISSPALTLRRYFQGIRVYLKEKKYSDCAWEVVRMEIMKSLFLSTNMQERLRSK 

I I I I I 

* 120 130 140 150 160 

DRDLGSS 
I 

170 
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6. Verfahren, das die Herstellung eines physiologisch funktionellen Human-Leukozyt-lnterferons 
umfaftt, das ein Allel oder ein Derivat der Verbindung nach Anspruch 5 ist. 

7. Verwendung eines Human-Leukozyt-lnterferons nach einem der Anspruche 4 bis 6 fur die 
Herstellung eines pharmazeutischen Praparates. 

8. Verwendung eines Human-Leukozyt-lnterferons nach einem der Anspruche 4 bis 6 fur die 
Herstellung eines Antivirus-Arzneimittels. 

9. Verfahren, das die Herstellung eines Expressionsvektors umfaBt, der eine DNA Sequenz enthalt, die 
fur ein Human-Leukozyt-lnterferon nach einem der Anspruche 4 bis 6 kodiert und fahig ist, das genannte 
Human-Leukozyt-lnterferon zu exprimieren. 

10. Mikroorganismus oder Zellkultur, der bzw. die mit einem Expressionsvektor nach Anspruch 9 
transfiziert ist. 

11. Verfahren zur Herstellung eines Human-Leukozyt-lnterferons nach einem der Anspruche 4 bis 6, 
welches Verfahren das Exprimieren des genannten Interferons in einem rekombinanten Wirtsorganismus 
umfaBt, der mit einem Expressionsvektor nach Anspruch 10 transfiziert ist 

Revendications pour les Etats Contractants: BE CH DE FR GB IT U LU NL SE 

1. Sequence d'ADN genomiques ou complementaires codant un interferon de leucocytes humains qui 

(i) consiste en un polypeptide mur d'environ 172 acides amines; 

(ii) presente une homologie d'environ 70% au niveau d'ADN avec IFN-o.1 de la classe I; 
(Hi) presente une homologie d'environ 48% au niveau d'AON avec IFN-(3 humain et 

(iv) qui s'hybride avec le fragment de restriction Xbal-Bgill de 501 pb de I'ADN genomique humain 
codant la protein e mure de HulFN-p dans des conditions defaible rigueur representees par une hybridation 
dans 5xSSC, 5x solution de Denhardt, 0,1% SOS, 0,1% pyrophosphate de sodium, 50 ug/ml d'ADN de 
sperme de saumon denature et sonique et 10% de sulfate de dextrane sodium, contenant 20% de 
form amide, avec incubation a 42°C et lavage a temperature ambiante dans 2xSSC et 0,2% SDS. 

2. Sequence d'ADN selon la revendication 1 codant un interferon de leucocytes humains de la 
sequence d'acides amines qui suit: 

CDLPQNHGLLSRNTLVLLHQMRRISPFLCLKDRRDFRFPQEMVKGSQLQKAHVMS 
I I I I I I 

1 10 20 30 40 50 

" VLHEMLQQIFSLFHTERSSAAWNMTLLDQLHTELHQQLQHLETCLLQWGEGESA 
II I I I I 

60 70 80 90 100 110 

GAISSPALTLRRYFQGIRVYLKEKKYSDCAWEWRMEIMKSLFLSTNMQERLRSK 



II I I 

120 130 140 150 160 



DRDLGSS 



170 



3. Sequence d'ADN selon la revendication 1 codant un allele ou un derive fonctionnel d'un interferon 
de leucocytes humains dont la sequence est definie a la revendication 2. 

4. Interferon de leucocytes humains sous forme mure dont la sequence d'acides amines est codee par 
I'ADN de la revendication 1. 

5. Interferon de leucocytes humains de la classe all.l ayant la sequence d'acides amines qui suit: 

CDLPQNHGLLSRNTLVLLHQMRRISPFLCLKDRRDFRFPQEMVKGSQLQKAHVMS 

I I I I I I 

1 10 20 30 40 50 

VUHEMLQQIFSLFHTERSSAAWNMTLLDQLHTELHQQLQHLETCLLQWGEGESA 

II I I I I 

60 70 80 90 100 110 

GAISSPALTLRRYFQGIRVYLKEKKYSDCAWEWRMEIMKSLFLSTNMQERLRSK 
I I I I I 

120 130 140 150 160 

DRDLGSS 
I 

170 



13 



EP 0 174 143 B1 



25 



6. Interferon de leucocytes humains physiologiquement fonctionnel qui est un allele ou un derive du 
compost de la revendication 5. 

7. Compost pharmaceutique comprenant un interferon de leucocytes humains selon I'une des 
revendication 4 a 6 et son vehicule acceptable en pharmacie. 

* 8. Interferon de leucocytes humains selon I'une des revendication 4 a 6 pour un usage 
pharmaceutique. 

9. Utilisation d'un interferon de leucocytes humains selon Tune des revendications 4 a 6 dans la 
fabrication d'un medicament antiviral. 

10. Vecteur d'expression contenant une sequence d'ADN codant pour un interferon de leucocytes 
w humains selon I'une des revendications 4—6 et capable d'exprimer ledit interferon de leucocytes humains. 

11. Micro-organisme ou culture de cellules transfecte au moyen d'un vecteur d'expression selon la 
revendication 10. 

12. Precede de production d'un interferon de leucocytes humains selon I'une quelconque des 
revendications 4—6, lequel procede comprend ('expression dudit interferon dans un organisme note 

*s recombinant transfecte avec un vecteur d'expression selon la revendication 10. 

Revendications pour I'Etant Contractant: AT 

1. Procede qui comprend la preparation d'une sequence d'ADN genomiques complementaires codant 
20 un interferon de leucocytes humains qui 

(i) consiste en un polypeptide mur d'environ 172 acides amines; 

(ii) presente une homologie d'environ 70% au niveau d'ADN avec IFN-a 1 de la classe I; 
(Hi) presente une homologie d'environ 48% au niveau d'ADN avec IFN-P humain et 
(iv) qui s'hybride avec le fragment de restriction Xbal-Bglll de 501 pb de I'ADN genomique humain 

codant la proteine mure de HuIFN-p dans des conditions de faible rigueur representees par une hybridation 
dans BxSSC, 5x solution de Denhardt, 0,1% SDS, 0,1% pyrophosphate de sodium, 5 ug/ml d'ADN de 
sperme de saumon denature et sonique et 10% de sulfate de dextrane sodium, contenant 20% de 
formamide, avec incubation a 42°C et lavage a temperature ambiante dans 2xSSC et 0,2% SDS. 

2. Proc6d6 selon la revendication 1 ou I'interferon de leucocytes humains a la sequence d'acides 
30 amines qui suit: 

CDLPQNHGLLSRNTLVLLHQMRRISPFLCLKDRRDFRFPQEMVKGSQLQKAHVMS 
I I I I I I 

1 10 20 30 40 50 

VLHEMLQQIFSLFHTERSSAAWNMTLLDQLHTELHQQLQHLETCLLQWGEGESA 

I I I I _| | 

60 70 80 90 100 110 

GAISSPALTLRRYFQGIRVYLKEKKYSDCAWEWftMEIMKSLFLSTNIvlQERLRSK 
I I I I I 

120 130 140 150 160 

DRDLGSS 

I 

170 

3. ProcedS selon la revendication 1 ou I'ADN code un allele ou un de>iv6 fonctionnel d'un interferon de 
leucocytes humains dont le sequence est dSfinfe a la revendication 2. 

4. Procede qui comprend la preparation d'un interferon de leucocytes humains sous forme mure dont 
la sequence d'acides amines est codee par I'ADN de la revendication 1. 

5. Procede qui comprend la preparation d'un interferon de leucocytes humains de la classe oll.l ayant 
la sequence d'acides amines qui suit: 

ss 



60 



65 



35 



40 



45 



50 
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CDLPQNHGLLSRNTLVLLHOMRRISPFLCLKDRRDFRFPQEMVKGSQLQKAHVMS 

| | I I I I 

1 10 20 30 40 50 

s VLHEMLQQIFSLFHTERSSAAWNMTLLDQLHTELHQQLQHLETCLLQWGEGESA 

II I , I I ! 

60 70 80 90 100 110 

GAISSPALTLRRYFQGIRVYLKEKKYSDCAWEWRMEIMKSLFLSTNMQERLRSK 

" I I I I I 

120 130 140 150 160 

DRDLGSS 

I 

*s 170 

6. Proc6d6 qui comprend la preparation cl'un interferon de leucocytes humains physiologiquement 
fonctionnel qui est un allele ou un derive du compose de la revendication 5. 

7. Utilisation d'un interferon de leucocytes humains selon I'une des revendications 4 a 6 dans la 
production d'une preparation pharmaceutique. 

8. Utilisation d'un interferon de leucocytes humains selon I'une des revendications 4 a 6 dans la 
fabrication d'un medicament antiviral. ^. Ar + K t 

9. ProcedS qui comprend la production d'un vecteur d'expression contenant une sequence d ADN 
codant pour un interferon de leucocytes humains selon I'une quelconque des revendications 4—6 et 

25 capable d'exprimer ledit interferon de leucocytes humains. 

10. Micro-organisme ou culture de cellules transfecte avec un vecteur d'expression selon la 

revendication 9. , . 

11. Procede de production d'un interferon de leucocytes humains selon I une quelconque des 
revendications 4—6, lequel procede comprend ('expression dudit interferon dans un organisme hote 

30 recombinant transfecfe avec un vecteur d'expression selon la revendication 10. 
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